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ABSTRACT
Four environments were created with varying populations of opilionids and experienced hourly mass
disturbances to observe if there is a relationship between sex and tibia length in grouping in Monteverde,
Costa Rica. The ratio of males to females was five to seven and a significant size difference in tibia
among sexes was noticed (T-test male mean = 3.719mm; female mean = 3.382mm, P < 0.0001).
Additionally males in groups were significantly larger while females showed no difference (male mean
tibia length = 3.678mm (solitary), 3.741mm (group), T-test P = 0.0003; female mean = 3.383mm
(solitary), 3.381 mm (group), T-test P = 0.9324). As the amount of disturbance increased, the group size
would decrease. Yet the percent of return changed little among varying population sizes. Grouping among
opilionids may be used to decrease predation. Their chemical defense will have a stronger effect and they
may use individuals as barriers from predators with the competitively superior individuals occupying the
center of the group.

RESUMEN
Se crearon cuatro ambientes aislados con poblaciones diferentes de opiliones (5, 10, 20 y 30 individuos
por grupo) y se provocaron alteraciones masivas para observar si había una relación entre el sexo y el
tamaño de la tibia en grupos de opiliones en Monteverde, Costa Rica. La relación entre machos y hembras
era cinco a siete y había una diferencia significativa entre el tamaño de la tibia en los sexos (Prueba de T,
promedio del macho = 3.719 mm; promedio de la hembra = 3.382mm, P < 0.0001). Adicionalmente los
machos en grupos son significativamente más grandes; pero las hembras no tienen una diferencia
significativa (promedio de la tibia en machos solitarios = 3.678mm, en grupo = 3.741mm, Prueba de TP =
0.0003; promedio de las hembras solitarias = 3.381mm, Prueba de TP = 0.9324). Cuando la cantidad de
alteraciones aumenta, el tamaño de la población disminuye pero el porcentaje que regresa al grupo no
cambia entre cada población. Es posible que el comportamiento de formar grupos en opiliones sea una
manera de reducir depredación. Sus defensas químicas tendrán efectos más efectivos y el opilión usará a
los individuos como barreras entre los depredadores y ellos mismos e individuos de una superioridad de
competencia mayor serán los que se encuentren en el centro del grupo.

INTRODUCTION
The members of the order Opiliones, Class Arachnida, are commonly called daddylonglegs or harvestmen. They are usually found in moist, dark areas like rotting wood
filtration of precipitation through canopy strata. Calla (1999) found that the cover
provided by the canopy allowed the pH of rainfall to rise due to the many neutralizing
components encountered en route to the forest floor. She also found a positive
relationship between species richness and the pH of throughfall, with the greatest
richness found at an intermediate pH. Sandin (1993) found a higher diversity of
protozoan life in pasture plants than ones found in the forest, which he hypothesized to be
a possible result of a more constant circulation of water in the tanks of field bromeliads.
These findings contradict Calla’s findings (1999), which held that the uncovered or field
tanks had a much lower PH, which, in turn, lead to a decrease in species richness. Neither
of these studies, however, focused directly on the effects of throughfall and pH on the
faunal composition within bromeliad tanks.
Precipitation in the Monteverde area is normally acidic, with a pH around 4.88.
The amount of hydrogen ions in precipitation and mist is higher than the concentration in
rain, which in turn is much higher than the amount of hydrogen ions still present after
throughfall to the forest floor (Table 1) (Nadkarni, 2000). A low pH is known to affect
many animal populations adversely. Hendrey (2001) found a decline in populations in
lakes and streams where acid rain had decreased the pH. Because throughfall increases
pH, a more optimum faunal habitat should be found in bromeliad tanks with a higher pH:
presumably occurring at lower height where more neutralizing throughfall has occurred.
I hypothesized that pH in bromeliad tanks would be affected by their vertical
heights on host trees. This, in turn would lead to a change in faunal composition within
the tank, corresponding with predictable changes in tank pH in relation to height.

Methods and Materials
Water samples were taken from 46 Vriesea sp. (Bromeliaceae) east of the Estación
Biológica, Monteverde, Puntarenas, Costa Rica at elevations ranging from 1550-1600
meters. Sample collection took place between the 23rd of October and the 14th of
November, 2001. Height, above the ground, of each bromeliad was recorded. A pipet
attached to a hose and a rubber bulb was used to extract the water samples from the tanks
of the bromeliad. Volume was taken using a 100ml graduated cylinder and then the water
samples were transferred to labeled plastic vials.
In the lab, pH was measured using the pHTestr2TM, which was calibrated every
day to reduce error. The samples were thoroughly mixed and then two drops were
randomly taken from each and place on slides. Pairs of slides were observed using 100 x
magnifications for 15 minutes, during which the number of protists were classified and
counted. Species were identified to morphospecies with appearance and locomotion as
distinguishing characteristics.

The Simpson Diversity Index was used to compare diversity throughout the entire
sample set. Simple regressions were run for height, pH, volume and Simpson Diversity to
see if there was a linear relationship between these four variables. Simple regressions
were also run for species richness and abundance. Diversity and individual trees were
also compared using a one-way ANOVA test.

Results
A total of 2300 individuals in 18 different protest morphospecies were found in 46
samples (Figures 1 and 2). The average pH within the tanks was 6.29 (±0.706), while the
volume of water taken from the tank averaged 7.59ml (±7.23). The average height of
bromeliads sampled was 11.27m (± 4.71).
After running simple regressions, no significant correlations were found between
pH and diversity, height, volume, abundance or richness (Table 2). It should be noted that
the average pH of the bromeliad tanks, as stated above, is more than one order of
magnitude greater than the average normal pH of precipitation in the Monteverde region,
which is 4.88 (Nadkarni 2000).
Simple regressions were also run for volume verses diversity and height. The test
of volume and diversity produced a P-value of 0.0767, a F-value of 3.27, and a DF of 1.
These data were not significant, but were close and displayed a trend towards decreasing
diversity with increasing volume. The second regression between volume and height
produced a P-value of 0.270, a F-value of 1.25 and a DF of 1. Height was also run in a
regression verses diversity, which turned out to not be statistically significant (P = 0.525,
F = 0.410, DF = 1).
The only statistically significant data found was a one-way ANOVA (P < 0.0001,
F = 18.16, DF = 1) between species diversity and the individual trees from which the
sample was taken. As shown in Figure 3, the diversity of morphospecies drops after the
sixth tree is collected. This occurred when a temporal caused by hurricane Michelle went
through the area and is similar to the pattern of decrease in diversity as volume increased.

Discussion
It was hypothesized that an increasing pH due to throughfall would also increase the
diversity and abundance of protists communities with in the tanks of epiphytic
bromeliads. The exact change in pH due to throughfall could not be assessed, because,
there was no observable relationship between pH and height. The average pH and volume
did seem to be related with the diversity of the bromeliad tanks and will be discussed
later.
There was no significant correlation between pH and diversity, height, volume,
abundance or richness. However, there seems to be a relationship between the average
pH of the bromeliad tanks, average precipitation pH, the amount of rain during the study
period, date of collection, and diversity. During the study, a temporal moved through the
area and brought with it an increased amount of rain. Nadkarni (2000) holds that different

types of precipitation have different pHs (Table 2). Because rain has the highest pH of
any type of precipitation, it is very possible that a large amount of rain could increase the
pH of water collected in bromeliad tanks. In other words, instead of collecting mist,
which makes up a majority of the normal precipitation during this time, bromeliads
collected an increased amount of rain, which was at a higher pH than the normal mist.
Stading (2001) found an average pH in forest bromeliads of 4.72 (± 0.891) and the
average precipitation pH for the Monteverde area is 4.88(Nadkarni 2001), which is a
large difference from the average of 6.29 (±0.706) that was found in this study. This
difference is partially explained by the abnormal weather and increased rain created by
the temporal (Figure 3). Diversity and pH were not significantly correlated, but there was
a trend with an increase in water volume for a decrease in diversity. This trend is very
likely to be related to the increase in rain from the temporal. Likewise, Maltzman (1994)
noticed a decrease in diversity after continuous rainfall. In relation to this, diversity
dropped drastically from the seventh tree sampled and on (Figure 4). The samples from
the seventh tree were taken two days after the largest peak of rainfall. This large surge in
water into the tanks possibly diluted the populations of protist morphospecies or washed
out many of the individuals within the community. Then after the populations had been
diminished, a continuous flow of rain and then mist did not allow the protist populations
time to rebuild. This would explain why the diversity of the second half of the data set is
greatly decrease and has a significant relationship with the individual tree from which the
sample was collected.
The increase in rain is probably not the only reason for the large discrepancy in
average pH values. Bromeliads on a majority of the trees that were climbed had no more
than two vegetation layers above them: the canopy and the understory. The canopy would
have been the only source of throughfall for most of the bromeliads sampled. Because of
this limited structural complexity water would only have the chance to run through one
stratification before falling into a bromeliad tank. For this reason, the observed variation
in pH between bromeliad tanks might not have been very drastic regardless of their
height above the ground.
Combining the effects of increased rain and throughfall provides a solid
explanation for the difference in average pHs. The increase in rainfall also provides a
logical reason for the decrease in diversity after the temporal moved through the region.
At a different time or during a longer study the relationship between height and pH might
have a different correlation along with diversity and pH. A longer study with a larger data
set would be interesting to undertake in order to better study throughfall and its effects on
faunal communities.
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